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Xnsineers  are c o n f r o n t e d  w i t h  tv!o i m p o r t a n t  i n t e r c o n n e c t e d  
envi ronments ,  t h e  p h y s i c a l  and t h e  economic, T h e i r  s u c c e s s  i n  
a l t e r i n g  t h e  p h y s i c a l  environment  t o  produce p r o d u c t s  and s e r v i c e s  
depends upon s knowledge o f  p h y s i c a l  laws, Bov~ever, t h e  worth 
of  t h e s e  p r o d u c t s  and s e r v i c e s  l i e f :  i n  t h e i r  u t i l i t y  measured i n  
economic terms.  There a r e  numerous e x a a p l e s  o f  s t r u c t u r e s ,  
machines, p r o c e s s e s ,  and s y s t  cms t h a t  e x h i b i t  e x c e l l e n t  p h y s i c a l  
d e s i g n  b u t  have l i t t l e  economic m e r i t ,  
A l l  d e c i s i o n  c r i t e r i a  t o  be c o n s i d e r e d  must i n c o p o r a t e  
some ind-ex, measure of e q u i v a l e n c e ,  o r  b a s i s  o f  comparison t h a t  
sunmar iaes  t h e  s i g n i f i c a n t  d i f f e r e n c e s  between i n v e s t m e n t  
a l t e r n a t i v e s .  The r e d u c t i o n  of  a l t e r n a t i v e s  t o  a common b a s e  i s  
necesFary  so  t h a t  a p p a r e n t  d i f f e r e n c e s  become r e a l  d i f f e r e n c e s ,  
w i t h  t h e  t ime  v a l u e  of money c o n s i d e r e d .  '?/hen expressed  i n  te rms 
o f  a common base ,  t h e  r e a l  d i f f e r e n c e s  become d i r e c t l y  comparable 
and may be used i n  d e c i s i o n  making, The b a s e s  of comparison used 
a r e  t h e  p resen t -wor th  amount (PW) and t h e  annual e q u i v a l e n t  m o u n t  
(AE) , 
The present -wor th  amount has  a number o f  f e a t u r e s  t h a t  makes 
i t  s u i t a b l e  as a b a s i s  of comparison. F i r s t ,  i t  c o n s i d e r s  t h e  
t i n e  v a l u e  o f  money a ~ c o r ~ i n ,  t o  tY!e va1v.t~ of i ( i n t c r c , . t  ;.E.~.P) 
sc! c.c 1;rd ?or L i t:!(: C-. !  c i :L tj-9:. . ~ ' ~ r 0 1 1 3  :-id r ; c ~ r ~ c ; ~ : -  l, .,, ; 
- >  "1 7 - P( ; l l ?  YT; -j 1; -.,:I l.I>; (1. - 2 l d -  5 , . ,. ' ' -- + -  C , < .  -3 I. >t: r 1 1 -  ; * >; , L f r / I . I U 
p o i n t  i n  t ime  ( t = ~ ) -  T h i r d ,  t h e  v a l u e  of  t h e  p r e s e n t  igiorth m o u n t  
.( n l  is a lways  un ique  no m a t t e r  what may be t h e  i n v e s t m e n t ;  c.i;-l ..-o~! 
p a t t e r n .  That i s ,  any sequence  o f  r e c e i p t s  and d i s b u r s e n e n t s  
w i l l  g i v e  a un ique  p r e s e n t  wor th  amount f o r  a p a r t i c u l a r  v a l u e  i. 
The a n n u a l - e q u i v a l e n t  amount (AE) was used o n l y  t o  c o r r e c t  
t h e  d i s c r e p a n c y  between t h e  d i f f e r e n t  economic l i f e  s p a n s  o f  each 
a l t e r n a t i v e  and made i t  i n t o  a common l i f e  span u s i n g  a common 
m u l t i p l e  of y e a r s .  This makes i t  p o s s i b l e  t o  u s e  t h e  p r e s e n t  
worth e q u a t i o n  and o b t a i n  a common base  f o r  d e c i s i o n  making. 
To a i d  i n  i d e n t i f y i n g  and r e c o r d i n g  t h e  economic e f f e c t s  of  
a l t e r n a t i v e  i n v e s t m e n t s ,  a g r a p h i c a l  d e s c r i p t i o n  f o r  each 
dl t e r n a t i v e l  s c a s h  t r a n s a c t i o n s  may be used. T h i s  p i c  t o r i a l  
d i s c r i p t o r ,  r e f e r r e d  t o  as a cash  f l o ~  diagram, w i l l  p r o v i d e  a l l  
t h e  i n f o r m a t i o n  n e c e s s a r y  f o r  a n a l y z i n g  an  inves tment  p r o p o s a l ,  
The cash  f low diagram r e p r e s e n t s  any r e c e i p t s  r e c e i v e d  o v e r  
a p e r i o d  o f  time as an u y a r d  a r r o w  ( a n  i n c r e a s e  i n  c a s h )  l o c a t e d  
a t  t h e  p e r i o d ' s  end, S i m i l a r l y ,  t h e  d i s b u r s e m e n t s  are r e p r e s e n t e d  
by a 2.oivnv;::rd. arr?w (a  d e c r e a z e  i n  c a s h ) .  These a r rows  a r e  then  
p laced  on a t ime  s c a l e  r e p r e s e n t i n g  t h e  d u r a t i o n  of t 12 proposa l .  
A n a l y s i s  i n  3 r i e f  
d r \ \  be 
The f o l l o w i n g  a l t e r n a t i v e s  c o n s i d e r ~ d  i n  t h e  f i n a l  a n a l y s i s :  
t-hc. 
-I\\. b c  Me*ty( le t  t e r s  a t t a c h e d  t o  each a l t e r n a t i v e )  
A l t e r n a t i v e  
A Concre te  
B .Yo o d  
P 
i/ S t e e l  Commercial Pool  (Doughboy Poo l )  
D Aluminum 
UL\\ be  
811 p o o l s  w+e based on a uni form s i z e  (24' d i a m e t e r ,  4 '  h i g h ) ,  and 
c o n s i d e r e d  over  a 12 y e a r s  l i f e  span.  
D e f i n i t i o n s :  
i : i n t e r e s t  r a t e  
n  : number of  y e a r s  
?':: : p r e s e n t  wor th  
AE : a n n u a l  e q u i v a l e n c e  
(P/k i, n )  : e q u a l  payment s e r i e s  p resen t -wor th  f a c t o r ;  t h i s  f a c t o r  
may be used t o  f i n d  t h e  p r e s e n t  wor th  (I-') o f  a s e r i e s  
o f  e q u a l  annua l  payments ( A ) .  
(A/F i, n )  : s i n k i n g  fund f a c t o r ;  t h i s  f a c t o r  may be used t o  f i n d  
t h e  r e q u i r e d  year-end payments ( A )  t o  accumula te  z 
f u t u r e  amount ( F ) ,  
(A/P i, n) : equal-payment s e r i e s  c a p i t a l - r e c o v e r y  f a c t o r ;  t h i s  
f a c t o r  may be used t o  f i n d  t h e  year-end payments (A) 
t h a t  w i l l  be proveded by a p r e s e n t  amount (P), 
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I n t r o d u c t i o n  
Problem 
C o n s t r a i n t s  
Development o f  A l t e r n a t i v e s  
Economic A n a l y s i s  o f  A l t e r n a t i v e s  
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Se rv i ce  i n  lcevialo %sin ,  I was asked t o  do a c o s t  a n a l y s i s  of  t h e  
p o s s i b l e  a l t e r n a t i v e s  f o r  f i s h  c o n t a i n i n g  tanks.  This  w i l l  only  be a 
gene ra l  a n a l y s i s  t o  determine which a l t e r n a t i v e  is  most f e a s i b l e .  
Problem 
--
These t anks  w i l l  be designed t o  keep s a l t  water  specimens and 
a r e  c i r c u l a r  w i t h  a diameter  of 24 f e e t  and depth of 4 f e e t ,  They 
w i l l  be b u i l t  on e x $ i s t i n g  ground s u r f a c e  which meand t h e  walls must 
be r i g i d  and a b l e  t o  r e s i s t  k g n s i l e  s t r e s s e s  and over  t u r n i n g .  A v i n y l  
p l a s t i c  w i l l  be f i t t e d  i n s i d e  t h e  tank.  Therefore  t h e  e x t e r i o r  s h e l l  
i s  our  f o c a l  po in t .  This  s h e l l  must be d u r a b l e ;  salt wate r  and weather- 
i n g  a r e  t h e  predominant f a c t o r s  vh ich  w i l l  a f f e c t  t h e  s h e l l  l i f e .  
C o n s t r a i n t s  
1 ) ~ n a e s t  Kate (i) : 1 6 5  i n t e r e s t  r a t e  w i l l  be used because i t  
i s  t h e  i n t e r e s t  r a t e  f o r  banks, 
2) Cost:  ?To budget r e s t r a i n t  will be imposed. This i s  a gene ra l  
overview of  t h e  d i f f e r e n t  t ypes  of a l t e r n a t i v e s  and a very  l i b e r a l  
budget w i l l  be considered.  
3) I n f l a t i o n :  No i n f l a t i o n  f a c t o r  w i l l  be considered.  
4)  L i f e  of  Analysis :  The a n a l y s i s  w i l l  be looked over  a 12 y e a r s  
span. 
+he 5) Unequal Se rv i ce  Lives :  The method w i l l  be used t o  
b a  
e s t i m a t e  f u t u r e  a l t e r n a t i v e s  w i l l  uee t h e  assumption t h a t  an  investment  
o p p o r t u n i t y  w i l l  be r e p l a c e d  by a n  i d e n t i c a l  a l t e r n a t i v e  u n t i l  a 
common m u l t i p l e  o f  l i v e s  i s  reached.  
Development o f  A l t e r n a t i v e s  
The fo1lov:ing a l t e r n a t i v e s  were based on t h e  a c c e s s i b i l i t y  o f  
materials, The f o l l o w i n g  materials were c o n s i d e r e d  i n i t i a l l y :  
Concre te  
tiiood 
S t e e l  ( g a l v a n i z e d )  
F i b e r g l a s s  ( A l s y n i t  e )  
Aluminum 
B r i c k  
The p r e s e n t  s e t  up a r e  commercia l ly  made g a l v a n i z e d  s t e e l  t a n k s  
t h e r e f o r e  a do-nothing a l t e r n a t i v e  w i l l  n o t  be  c o n s i d e r e d .  
After t a l k i n g  t o  Andy K u l g i s  who t r i e d  u s i n g  A l s y n i t e  f o r  
s i m i l a r  purposes% I r e a l i z e d  t h i s  m a t e r i a l  would n o t  be  f e a s i b l e .  
The d u r a b i l i t y  o f  t h e  m a t e r i a l  i s  i n s u f f i c i e n t  due t o  t h e  t y p e  o f  
usage  o u r  t a n k s  v~ould. under  go. '{Je a l s o  t r i e d  u s i n g  aluminum b u t  had 
some u n f o r t u n a t e  e x p e r i e n c e s - a - c o u p l e  t a n k s  blew a p a r t  due  t o  f a t i g u e  
of  t h e  m a t e r i a l .  T h i s  is  from f i l l i n g  and emptying t h e  t a n k  f o r  
p e r i o d i c  c l e a n i n g .  I eliminated b r i c k  c o n s t r u c t i o n  because  o f  i t s  
poor s t r e n g t h  i n  h a n d l i n g  t e n s i l e  s t r e s s e s  which w i l l  r e s u l t  from 
h y d r o s t a t i c  p r e s s u r e .  T h e r e f o r e  t h e  f o l l o w i n g  t a b l e  lists t h e  
a1 t e r n a t i v e s  t h a t  w i l l  be c o n s i d e r e d  ; 
I n i t i a l   cost^ 
" --- 
A l t e r n a t i v e s  
Cons t ruc t ion  
Materials .Amount A B C D 
" S t a i n l e s s  %24.09/ $72.27 - - 0 
S t e e l  Bands IJQ8 ft, 
Vinyl p l a s t i c  1 $150 1 50 1 50 1 50 
L i n e r s  
" S t a i n l e s s  $1 8.1 51' 
S t e e l  100 
Buckles 
110.00 - - *Plyivood $1 1 .OO/ - 
Shee t s  s h e e t  
58.18/ - 16.36 - - Water Sea l  
g a l l o n  
;3.95/ - 7.90 - - T a r  
 allo on 
T o t a l  $ 3  !@ 5383.15 Zf 1 50 ,$1 50 
* P r i c e s  r e l a t e  t o  bu lk  q u a n t i t y  of  m a t e r i a l  which on ly  a p o r t i o n  
i s  u t i l i z e d .  
Note: Commercial p r i c e s  f o r  fo l lowing  pools ;  
Concrete = 36975.00 
S t e e l  = $400.00 
Aluminum = $400.00 
I n i t i a l  Labor Cort ( I n s t a l l a t i o n ) :  
Al t e rna t ives  
Disc r ip t ion  A B C D - 
I n s t a l l a t i o n  
6 people @ B5,00/hr0 - - 90.00 90.00 
Treatment of wood 
(2 c o a t s  water s e a l )  
4hr. C $5,00/hr. 20.00 - - - 
Pa in t  tar  and assemble 
16 hr. ' Sy.OO/hr. 80.00 - - - 
Se t  up 
2 hr .  C $5.00/hr, 
Band i n s t a l l a t i o n  
- 10.00 - - 2 hr.  Q $5,00/hr. 
Total  - $120.00 99O.OO $90 *(lo 
Labor Cost t o  Remove: 
2 people C $4,50/hr. - 36.00 36.00 36.00 
Total  - $36.00 $36.00 $36.00 
TABLE 
-.II---- 
. I n i t i a l  . I n i t i a l  . L i f e  .Salvage .Annual .Labor .Cost  t o  . 
Cost Labor Cost ( y e a r s )  Value Maintan. Cost t o  Remove 
Al t e rna t ives  Remove 
A Concrete i3 25.00 - - - - - - 
C Doughboy 
( S t e e l )  
B Aluminum 
Note: Assume m a t e r i a l s  w i l l  las t  t h e  es t imated  l i f e  wi thout  m a l f ~ n c t i o n i n g ~ w h i c h  would produce 
rnaintainence cos t .  Therefore  t h e  ope ra t ion  and mainta inence c o s t  w i l l  be cons t an t  f o r  
a l l  t h e  given a l t e r n a t i v e s  and e n t a i l s  such t h i n g s  as p e r i o d i c  c lean ing .  
Economic A n a l y s i s  of A l t e r n a t i v e s :  
A l t e r n a t i v e  A 
A l t e r n a t i v e  B 
A l t e r n a t i v e  D 
Decis ion Making 
Using t h e  assumption t h a t  an investment  w i l l  be r ep l aced  by an 
i d e n t i c a l  a l t e r n a t i v e  u n t i l  a common m u l t i p l e  of  l i v e s  is  reached 
tends  t o  o v e r s t a t e  t h e  d i f f e r e n c e s  between t h e  a l t e r n a t i v e s .  This  i s  
due t o  t h e  assumption t h a t  t h e  dif fsrencos  w i l l  occur  over  a t ime 
span t h a t  exceeds t h e  s e r v i c e  l i v e s  of  t h e  c u r r e n t  a l t e r n a t i v e s .  It  
is i n f r e q u e n t  t h a t  a sequence o f  a l t e r n a t i v e s  w i l l  r e p e a t  themselves 
s i n c e  t echno log ica l  p rog res s  can l e a d  t o  improved a l t e r n a t i v e s  i n  t h e  
fu tu re .  However i t  i s  neces sa ry  t o  make c e r t a i n  a s s u m ~ t i o n s  about  
t h e  s e r v i c e  i n t e r v a l  s o  t h a t  t h e  techniques  of d e c i s i o n  making a r e  
a p ~ l i c a b l e ,  I used a 12 yea r  i n t e r v a l  because i n  gene ra l  t h e  l o n g e r  . 
t h e  s tudy  per iod  t h e  more s i g n i f i c a n t  t h e  r e s u l t s .  
A l t e r n a t i v e  D (Aluminum) should a c t u a l l y  be  e l imina t ed  e n t i r e l y  
from c o n s i d e r a t i o n  because of r ea sons  d i scussed  e a r l i e r .  
Comparing t h e s e  four  a l t e r n a t i v e s  we can conclude t h a t  a l t e r n a t i v e  
B (wood) would be t h e  most f e a s i b l e  and c o s t  e f f e c t i v e ,  
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